Objective: To examine differences in diet and food purchasing behaviors between Black and White older women living in urban neighborhoods. Design: Cross-sectional observational study. Setting: Urban neighborhoods in Washington, DC, USA. Participants: Community-dwelling White and Black women of age 65 and older. Measurements: Participants were queried on diet via 24-hour recalls, food purchasing habits, their use of neighborhood resources and local travel patterns. Frequency and location of self-reported food purchasing and consumption were compared by race. Results: In 2014 and 2015, 49 White and 44 Black older women were enrolled in the study. Compared to Whites, Blacks reported lower daily caloric intake (mean (SD) 1314 (404) vs. 1529 (448), p=0.02), with a higher percent of calories from protein and fat 1.8 (7.0), p=0.03), and a slightly higher polyunsaturated to saturated fat ratio (p=0.05). Blacks had substantially lower alternate healthy eating index (AHEI) (33.5 (10.2) vs. 43.9 (10.8) of 80 possible points, p<0.001), daily intake (grams) of total fiber (15.3 (8.1) vs. 22.9 (8.5), p<0.001), insoluble fiber (10.8 (6.9) vs. 15.9 (6.5), p<0.001), and soluble fiber (4.5 (2.0) vs. 6.9 (2.8), p<0.001). Blacks had lower intake of micronutrients, alcohol and caffeine. Blacks shopped for groceries less often (4.4 (3.0) vs. 6.2 (3.0) monthly; p=0.006) and spent a longer time traveling to stores (15.8 (9.1) vs. 11.5 (7.2) minutes per trip, p=0.02). A lower percent of Blacks walked to stores (14% vs. 40%, p=0.003) and a higher percent of Blacks rode in a car with someone else (33% vs. 6%, p<0.001).
Introduction
A healthy diet is a critical and cost-effective way to prevent and treat obesity and its co-morbidities, improve quality of life and preserve independent living among older adults (1) (2) (3) (4) (5) (6) . Calorically-balanced eating patterns are essential for healthy aging (7) . Such healthy eating patterns are typically low in saturated fat, sugar and sodium, and include fruits and vegetables, whole grains, low-fat dairy or fortified alternative products, lean proteins and beneficial oils. However, older Americans increasingly have a poor diet (8, 9) . Compared to older White women, older Black women carry a disproportionally higher burden of cardiometabolic diseases (10) and related risk factors (11, 12) . To formulate effective interventions, a thorough understanding of the racial differences in determinants of dietary behaviors is fundamental.
Many personal and environmental determinants of dietary behaviors of older adults have been documented in the literature. For example, unhealthy nutritional intake has been associated with a number of personal factors, including lower income, less education, depression, social isolation, widowhood, and poor dentition (13) . Studies have shown that large supermarkets with a greater variety of healthy foods are more likely to be located in wealthier neighborhoods (14) , suggesting that observed sociodemographic and racial disparities in eating patterns may be attributable to disparities in access to stores with healthy foods. Although access to healthy foods is likely one of the most influential environmental factors impacting healthy eating, the determinants and consequences of disparities in access remain poorly understood. New data are needed to better understand the joint influences of older adults' personal characteristics and their perceived and actual urban neighborhood environment, on their eating patterns and food purchasing behavior. How these influences may vary by an individual's characteristics, such as race/ethnicity, sex, and socioeconomic status may then be examined.
As a step toward this understanding, we performed systematic inquiries of neighborhood environmental influences on healthy eating and active living in older women. We examined the Black to White racial differences in eating patterns and food purchasing behaviors among these women residing in urban neighborhoods in Washington, DC, USA. The implications of such racial differences are meaningful to health promotion in older women.
Methods

Study settings and participant recruitment
We recruited 49 White, 44 Black/African American community-dwelling women and 4 women with undisclosed race, aged 65 years and older, living in the Washington, DC Metro area. Because significant differences in food purchasing and consumption behaviors are expected among different age groups, this study focused on older women. Participants were recruited from venues with which MedStar Health Research Institute has established hospital-community relationships. To increase the diversity and representativeness of the study sample, an "area-based" strategy was used for recruitment. We recruited 1) Black women in Black-predominant neighborhoods (BPN) from the Recreation and Senior Centers, places of worship and senior housing complexes; 2) White women in BPN using neighborhood listserves, local universities, hospitals, medical practices, and clinics; 3) Black women in Whitepredominant neighborhoods (WPN) in Black sororities and professional groups, e.g. Black Nurses Association; 4) White women in WPN in senior groups and residences, places of worship and clinical practices. Potential recruitment sites were approached to offer study participation to their members/ residents. Promotional materials, interest surveys and brief presentations were offered at each venue and tailored to meet site preferences.
RACIAL DIFFERENCES IN EATING PATTERNS AND FOOD PURCHASING BEHAVIORS AMONG URBAN OLDER WOMEN
To be eligible for the study, participants had to be selfidentified as Black or White, aged 65 or older, English speaking, ambulatory with or without assistive devices, willing and able to perform all study-related activities independently or with a designated caregiver, and pass cognitive function screening on the 10-tem Short Portable Mental Status Questionnaire (SPMSQ) (15) with 3 or fewer errors. Four women who expressed strong interest but were not willing to classify themselves as White or Black were also included in the study.
Once consented, each participant was offered a choice of method of participation via: small groups; one-on-one site visits with a study team member; by mail; or by telephone to facilitate individual participant preferences and needs. Surveys completed at home were returned by mail using a studyprovided pre-paid envelope. Each participant completed two batteries of survey instruments, which took about 2-3 hours. The first battery included surveys of demographics, health and health care, lifestyle factors, anxiety, lower extremity problems, and fall history and efficacy. The second battery included instruments on self-report physical activity, general nutrition, the food purchasing habits, activity time and place, the neighborhood perception, and depression. In the week following the completion of the first battery, participants wore an accelerometer and Global Positioning System (GPS) device for 7 days and completed dietary intake measures including 3 concurrent days of 24-hour recalls of dietary intake. Details about the instruments are described below.
Survey of personal characteristics
Each participant was queried about her sociodemographic characteristics, physical and mental health conditions, history of falls and fall injuries, health care utilizations in the past year, and lifestyle habits itemized in Table 1 . Assessment of most characteristics was by self-report, e.g., "Have you ever been diagnosed or treated by a doctor for any of the following conditions…?" However, the following standardized instruments were also administered: the Tinetti Falls Efficacy Scale for fear of falling (16), Beck Anxiety Inventory (17), CES-D Depression Scale (18) , and the SPMSQ for cognitive impairment (15) , Activities of Daily Living (ADL) for physical limitations, and the Community Healthy Activities Model Program for Seniors (CHAMPS) survey of frequency of exercise activities, both recreational and functional (19, 20) . Physical activity was also measured objectively by an accelerometer (ActiGraph GT3X-Plus) worn by each participant during all waking hours for 7 consecutive days in the week following the completion of the first battery of questionnaires. A daily mean number of steps was then calculated for each person, dropping any days in which less than 10 steps were recorded (an indication that the accelerometer was not worn).
Measurement of dietary intake and eating patterns
Dietary outcomes of interest were focused on averaged total daily caloric intake and dietary quality, including consumption of fruits and vegetables, fast food and processed food, averaged daily intake of total protein, fat (saturated, poly-and monounsaturated fats), fiber, types of carbohydrate(s), and micronutrients (such as sodium and calcium). Each participant received three unannounced computer-assisted 24-hour dietary recalls (24HRs), conducted on randomly selected days within a 1-week period (two weekdays and one weekend). To reflect the marketplace throughout the study, the 24HR-derived data (i.e., timing of intake, location, food preparation methods, total calories, macro-and micro-nutrients, and dietary supplements) were analyzed using the University of Minnesota's Nutrition Coordinating Center's Nutrition Data System for Research software (NDS-R 2011).
Based on this intake data we calculated an alternate healthy eating index (AHEI) for each participant, modifying that developed by the USDA Center for Nutrition Policy and Promotion (21) . The overall index had a scoring range of 0 to 80 points with higher scores indicating better overall dietary quality. Each of the 8 dietary components (vegetables, fruits, nuts and legumes, ratio of white to red meat, cereal fiber, alcohol, trans fats, and ratio of polyunsaturated to saturated fats) had a scoring range of 0 to 10 points.
Survey of food purchasing behaviors
A 75-item questionnaire developed by our team on food purchasing habits, preferences, and accessibility to stores was administered in this study. The questionnaires for food purchasing habits are purposefully designed for older adults. We used a mixed methodology (qualitative and quantitative) approach to develop the Food Purchasing Behaviors (querying both food store and restaurant purchases) and Neighborhood Perception Surveys. Focus groups (N=7, including 4 in Washington, DC and 3 in Worcester County, MA), were conducted among 34 older women (16 Black, 13 White, 4 Latina/Hispanics, and 1 Native American) living in rural and urban neighborhoods. The focus groups informed the questionnaire development with respect to content, comprehension, visual representation, and participant burden. Key informant interviews (KII) were conducted among leaders of community organizations working with these aging populations, such as senior centers, recreation centers and neighborhood grassroots organization. The surveys were refined according to focus group participant and KII comments and suggestions.
The resulting questionnaire specifically measures store type, restaurant type, geographic locations, online or phone order vs. in store purchase, and modes of transportation utilized. The instrument disclosed where and when the participant purchased food for herself or her family in the past month. Food stores were defined as any stores selling cooked or uncooked foods, i.e., grocery stores, convenience stores, wholesale clubs, retail stores, fruit and vegetable stores, farm stands and farmer's markets. We defined food shopping as the purchases of relatively large quantities of foods, not including quick runs for a very small quantity of food items (e.g., a gallon of milk). The participants were queried about their eating and food purchasing (eat-in or take-out) habits at establishments outside the home, including cafeterias and other restaurants of all types (such as sit down restaurants, fast food restaurants). Information on location, distance from home, travel mode and frequency of purchasing restaurant-prepared food was recorded.
Statistical Analysis
Participant characteristics were summarized and compared by race (White vs. Black). Racial differences in sociodemographic, physical and mental health, and lifestyle factors were evaluated using Chi-squared tests for percentages or Wilcoxon rank-sum tests for continuous variables. Food store preferences and self-report food item availabilities were compared for racial differences using Chi-squared tests after condensing preference responses from five categories ("extremely, very, moderately, a little, or not at all important") into two ("extremely/very important" vs. all others) and after condensing availability responses into "usually/always available" vs. lesser availability categories.
Dietary intake and food purchasing behaviors were evaluated for racial differences using linear regression models, first without any adjustment (Table 2 ) and then with adjustments (Table 3 ) for 1) age; 2) age, annual gross family income and highest education level achieved; 3) all of the above plus number of comorbidities, difficulty/non-difficulty with activities of daily living, and physical activity (mean number of daily steps). To preserve degrees of freedom as we increased the number of adjusting factors, we derived a single composite adjustment score for each outcome for each individual using the entire set of adjusting characteristics as predictors in linear regression models. Each person's single composite score used in the adjusted regression model was then predicted as the sum of all the products of each specific regression coefficient multiplied by her value of the corresponding characteristic (22) .
Results
Participant Characteristics
Of the 97 participants, 49 are White, and 44 are Black (Table  1) . Compared to Whites, Blacks had, on average, younger age, less education and lower household income. Blacks were more likely to have diabetes, less likely to have osteoarthritis and osteoporosis, fewer outdoor falls in the past 6 months, and a lower level of anxiety. Blacks were also less likely to live alone, used alcohol less frequently, and had lower levels of physical activity as measured by daily step counts and by self-reported frequency of exercise activities.
Dietary intake
Based on 24 hour dietary recalls, compared to Whites, Blacks reported a lower daily caloric intake (Table 2A, p=0.02), lower consumption of vegetable proteins, fiber of all types, and micronutrients such as calcium, iron, magnesium, potassium, vitamin B-6, C, and D. They reported much less caffeine and alcohol consumption. However, Blacks reported a higher percentage of intake from total protein and fat, and foods with vitamin K (typically green, leafy vegetables). Blacks had a higher polyunsaturated to saturated fat ratio and a higher percentage of calories from trans fats. For diet quality (AHEI), Blacks averaged a significantly lower total score than Whites, specifically in the categories of vegetables, fruits, nuts and legumes, cereal fiber, alcohol, and trans fats (Table 2B ). Blacks and Whites had approximately equal scores in the ratio of red to white meat, and Blacks scored somewhat healthier than Whites in their polyunsaturated/saturated fat ratio.
Adjustment for age (Table 3) had minimal impact on racial dietary differences except for a reduction in the difference in percentage of calories from fat and an apparent increase in the difference in monthly frequency of eating in restaurants, which became significantly higher for Whites when their greater average age was taken into account. The racial difference in restaurant dining was much diminished, however, by further adjustment for income and education. Adjusting for income and education also reduced the apparent racial difference in AHEI by about 20% and accounted for about 50% of the racial difference in travel time to the usual food store. The fully adjusted model shows somewhat reduced racial differences in dietary variables as compared with the crude models, especially in percent of calories from proteins, fats, and trans fats and in AHEI and frequency of food shopping, but even after adjusting for all these factors, Whites averaged significantly more daily calories, fiber, calcium, potassium, caffeine, and alcohol.
Food purchasing
Compared to Whites, Blacks shopped less frequently, traveled a longer time from home to their usual food store, and ate out at restaurants somewhat less frequently (Table 2C) . For their usual mode of travel to the food store, Blacks were less likely to walk to stores (14% vs. 40%, p=0.008) and more likely to ride in a car with someone else (33% vs. 6%, p=0.001). All racial differences persisted when the analysis was limited to those women (N=36 Black and 42 White) who claimed to be the primary shoppers for their households. Higher frequency of grocery shopping was associated with higher intake of calories (p=0.07) and total fiber (p=0.002) and lower intake of trans fats (p=0.02). A greater distance from home to store was associated with greater percentage of protein in the diet (p=0.05). Such associations did not vary by race.
Food store preferences
When asked what store features are important, Blacks in general ranked more factors such as location, price, and availability as "extremely or very important" than Whites did (Table 4) . Results were very similar when only primary shoppers' responses were analyzed. Over 90% of both races rated high product quality and the availability of fresh fruits and fresh vegetables as extremely to very important. Less than 10% of both races responded that online/telephone shopping or home delivery service was important in their store choice.
Compared to Whites, Blacks assigned more importance to many store features, including: 1) accessibility by public transportation; 2) safe location and no heavy traffic; 3) comfortable shopping environment (comfortable temperature, cleanliness, non-crowdedness, and friendliness of store clerks); 4) age-friendly features (modest store size that makes shopping easy and not physically demanding, well-organized aisles and ease of finding items, ease of reaching the items on the shelves, multiple checkout stations for fast checkout); 5) availability of price incentives (reasonable prices, sales and promotional items, acceptance of store and factory coupons, and store loyalty or membership discounts); 6) adequate supply of varieties (i.e., most of the food items can be purchased in one store, availability of lean/reduced fat meats, seafood, frozen vegetables, canned fruits, lean/reduced fat processed meats, low salt meat products, frozen/canned/dried organic foods, and foods for health reasons (e.g., gluten-free)).
There was no racial difference in the women's opinions about the availabilities of the following items in their usual food store: fresh, frozen or canned vegetables and fruits, lowfat dairy, low-sodium foods, and lean meats (Table 5) . Blacks, however, were more aware of nutritional rating systems (e.g., Nuval, Guiding Star) at their stores than Whites (36% vs. 62% responding "Don't Know" of such rating systems, p=0.01).
Discussion
Healthy eating is very important for older adults to maintain good health and independent living, and to prevent and treat obesity and other chronic diseases. The determinants of and racial differences in eating behaviors among older adults remain poorly understood. Our preliminary study, found notable Black to White racial differences in a number of macroand micronutrient outcomes, food purchasing behaviors and preferences in food store choice among older women living in densely populated urban neighborhoods. The remarkable racial differences could not be entirely attributable to the variations in geographic access to well-stocked food stores because the study was carried out in densely populated urban neighborhoods. The differences appeared more likely to be related to socioeconomic and behavioral differences between Black and White older women. Our data suggest that racial, socioeconomic, and cultural differences as well as perceptions of neighborhood resources should be carefully considered when designing community-based programs to promote healthy eating among urban older women.
Although access and exposure to healthy foods is likely one of the most influential environmental factors affecting healthy eating, the determinants and consequences of disparities in access remain to be elucidated. Due to reduced physical ability, limited mobility and income, older adults are particularly vulnerable to adverse neighborhood environments. Distance from and lack of public transportation to adequately stocked food stores appear to limit the frequency and amount of food purchasing. Our study found that Blacks who traveled greater distances to food stores shopped less frequently, which explains some of our observed dietary differences, including lower averaged intake of fiber, fresh vegetables and fruits. The travel Further analysis is needed to explore how such subtle differences in travel time influence shopping frequency. It is also of interest to investigate why the Blacks traveled farther: because they had to (fewer stores in their neighborhoods), or because they preferred stores father away with greater variety and availability of food items and other specific store characteristics (Table 4) . Less healthy eating and less frequent food shopping may also be partially explained by the Black to White differences in income and education level. Limited income often negatively affects the purchase of healthy foods. In line with previous studies (13) , our study also showed that less healthy nutritional intake in these urban older women was associated with lower income and less education.
Previous studies have shown that social isolation and living alone negatively affect healthy eating and frequency of shopping. However, our study found that older White women were twice as likely to live alone as Black women (64% vs. 32%), yet ate healthier than their Black counterparts.
Although the vast majority of women of both races agreed that product quality and the availability of fresh fruits and vegetables was "extremely or very important" in their choice of food store, it is very interesting to observe the large discrepancies in importance given to other store characteristics by older Black and White women. Blacks, in general, ranked far more store factors as extremely or very important than Whites (Table 4) . Compared to Whites, older Black women were more concerned about availability of public transportation, safety, and a comfortable shopping environment. Age-friendly features, including modest store size, ease of reaching and finding items in well-organized aisles were of greater concern to Blacks. Blacks were more concerned about the availability of price incentives, which may be reflective of lower income level. Although Blacks tended to eat less healthy diets, it is interesting that they stated more concern than Whites about adequate supply of healthy foods in stores. They were particularly interested in obtaining lean/reduced fat meats, seafood, frozen vegetables, canned fruits, low salt processed meat products, frozen/canned/dried organic foods, and foods needed for health reasons (e.g., gluten-free). Public health initiatives are needed to investigate why older Black women want to but don't purchase these healthier foods compared with their White counterparts.
Another important finding is that there was no racial difference in the women's opinions about the actual availabilities of the following items in their usual food store: fresh, frozen or canned vegetables or fruits, low-fat dairy, low-sodium foods, and lean meats (Table 5 ). Even though Blacks had a lower mean education level and reported a less healthy diet than Whites, Blacks reported being more aware of nutritional rating systems (e.g., Nuval, Guiding Star) at their stores (36% vs. 62% responding "Don't know" of such rating systems, p=0.01). It is unclear whether such large racial differences are due to racial differences in social desirability reporting bias (answering to please the observer) or circumstantial in the stores the Blacks frequented. Further studies need to carefully address this issue.
Our study has several strengths. First, we contributed to addressing the gap in understanding food purchasing behavior in older adults by developing and administering new instruments capable of measuring correlated activities of shopping habits, store preferences, travel mode and distance to stores. The new instruments complement existing instruments for measuring individual eating behaviors. These new tools were used in conjunction with GPS data, and data can be validated for reliability and address reporting bias. Critical elements of the data included information on place (geographic location, indoor vs. outdoor, etc.), frequency and transportation mode (e.g., walking, shuttle service, driving) of older women's food purchasing behaviors (e.g., grocery store shopping), eating outside the home (restaurant food consumption) and physical exercise (both utilitarian and leisure physical activities). With this new approach, participants' neighborhood environment exposures can be more precisely computed, and environmental influences on perceptions of neighborhoods, food purchasing and diet can be more effectively assessed. Second, use of multiple recruitment access points ensured the geographic, socioeconomic and racial representativeness of the participants. We purposefully recruited participants living in a variety of urban neighborhoods, geographically spread over the DC metropolitan area. This area-based recruitment strategy ensured variety and representativeness of the participants. Third, we strategically limited the study to older women with an equal allocation of sample sizes to Blacks and Whites. Even with the relatively small sample size, the study was able to detect a number of modest to large differences that point out relatively robust racial differences among older women. This cannot be accomplished without a careful sampling design.
However, our study was limited in its small size, single geographic location and single sex, cross-sectional nature, and lack of observed data on food store environments. Except for the GPS and accelerometer data, the study relied heavily on self-report data which are subject to recall and social desirability bias. The study was also limited by the use of three 24-hour recalls of dietary intake within a week to approximate a person's habitual intake. To capture a more realistic cross-sectional view of and longitudinal changes in food purchasing and eating habits, a larger number of repeated 24-hour recalls by season of the year and over multiple years are necessary. Our future studies will carefully address each of these methodological limitations by incorporating a longitudinal design and inclusion of older men, other races or ethnicities, and other older adults living in suburban and rural neighborhoods in diverse geographic locations..
The findings from this study have important implications to aging and public health research. Studies have shown that poor dietary quality, characterized by lower intakes of fiber, fruits, vegetables, whole grains, lean protein, and a higher intake of unhealthy fats are associated higher risk for diabetes (23) , cardiovascular diseases (24), certain types of cancer (25) , decline in physical and cognitive functions (26, 27) , and earlier loss of independent living (28, 29) . Racial differences in diet quality may contribute to health disparities in older age. Successful promotion of healthy eating among older Blacks may help reduce disparities in nutrition-related health outcomes. To accomplish this, more rigorous studies on racial and cultural differences in food preference, food purchasing habits and eating behaviors are needed to support racially and culturally appropriate programs to promote healthy eating.
In conclusion, food consumption, purchasing behaviors and preferences of store features differed substantially between older Black and White women. Such racial differences should be further examined to understand their causes and mechanisms in order to promote healthy eating in older populations.
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